Abstract
Introduction
Transient ischemic attack (TIA) is associated with the risk of early stroke, death, and disability. 1 Indeed, the appropriate strategy of treatment of patients with TIA is needed to prevent subsequent cerebral infarction. 2, 3 Although 30 -64 % of cases of TIA have apparent embolic sources, such as carotid arterial disease or cardiac disease, 4, 5 there are many patients with TIA of unknown etiology. 6 Paradoxical embolism is associated with cryptogenic stroke and may be a cause of stroke in a large number of patients. 7 We suspect that patients with TIA of unknown or undetermined causes frequently have right-to-left shunt (RLS).
The aim of this study was to determine the frequency of RLS in consecutive TIA patients, and to investigate whether TIA of undetermined cause is related to RLS.
Methods

From April 2004 to December 2006, we enrolled consecutive patients with
TIA who were admitted to our hospital within 14 days of onset. TIA was defined as a sudden onset of a focal neurological deficit or amaurosis fugax, suspected 3 to be of cerebrovascular origin, lasting less than 24 hours. We excluded patients who did not consent to transesophageal echocardiography (TEE) or transcranial Doppler sonography (TCD).
On admission, information on the symptoms and duration of TIA was obtained from patients or their families. We also obtained the following information about patient history and medication: 1) gender and age; 2) vascular risk factors (hypertension, diabetes mellitus, hyperlipidemia, and smoking); 3)
potential cardiac sources of emboli; 4) arterial lesions (occlusive lesions of the carotid or vertebrobasilar artery able to cause neurological symptoms); and 5) previous illnesses (TIA, cerebral infarction, and ischemic heart disease). thrombosis (DVT) and pulmonary embolism was performed using duplex sonography, scintigraphy, and/or contrast CT. Laboratory studies, including complete blood cell count, blood biochemistry, and coagulation system tests, were performed. In this study, the interpretations of all studies were blinded to the patient's clinical status. Patients and their families gave written informed consent to participate in the study, which was conducted in accordance with the Declaration of Helsinki.
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MR imaging
MR imaging studies were performed using a commercially available echo planar instrument on a 1.5-T MR unit (Signa EXCITE XL ver. 11.0; GE Healthcare, Milwaukee, WI). The neuroimaging protocol for acute stroke in our hospital included a fluid-attenuation inversion recovery (FLAIR) sequence Doppler audio signals on TCD examination were recorded onto digital audiotape and/or hard disc. Microembolic signals were identified by typical visual appearance on the spectral display and characteristic sounds, according to standard consensus criteria. 8 We validated suspected microembolic signals by "off-line" assessment without patient's clinical information.
TEE study
We performed TEE using an ultrasound unit (HDI-5000; Philips Medical System, Bothell, WA) with a 4-to 7-MHz wideband multiplane transducer for transesophageal imaging. TEE was performed in awake patients using lidocaine gel for local pharyngeal anesthesia. TEE studies included imaging of all valves and cardiac chambers. Gain settings were adjusted to distinguish background noise and spontaneous echocardiographic contrast. We circumferentially assessed the left atrial cavity and left atrial appendage to locate fixed or mobile echo-dense masses that could be clearly differentiated from the cardiac wall. A contrast study was performed to detect patent foramen ovale (PFO). PFO was diagnosed when at least 3 microbubbles were identified in the left atrium within 3 cardiac cycles from the right atrium. 9 Atrial septal aneurysm was diagnosed when the atrial septum protruded into the left or right atrium or both for at least 15 mm. We observed all segments of the thoracic aorta, including the descending aorta, aortic arch, and ascending aorta, to detect aortic plaque. were enrolled in the present study. They were divided into three groups: the Cardioembolic TIA group of 13 patients, the Thrombotic TIA group of 25 patients, and the Undetermined TIA group of 86 patients. We performed TCD in 101 patients (81%) and TEE in 103 patients (83%). Eighty-one patients (65%) underwent both TCD and TEE. Table 1 shows the clinical background of the subjects of the three groups, and Figure 1 the prevalence of RLS. Cardioembolic TIA occurred in 10 patients with atrial fibrillation, one with a prosthetic aortic valve, one with a left ventricular thrombus, and one with dilated cardiomyopathy. Thrombotic TIA occurred in 16 patients with atherothrombotic TIA and 9 patients with lacunar TIA.
RLS was detected in 61 of 124 (49%) patients. Fifty-two patients (60%) in the Undetermined TIA group had RLS, along with 2 of 13 (15%) patients in the Cardioembolic TIA group and 7 of 25 (28%) patients in the Thrombotic TIA group (p < 0.001). A total of 72% of patients in the Thrombotic TIA group smoked.
Recurrent TIA was found in 7 of 25 (28%) patients in the Thrombotic TIA group.
Overall, smoking and prior history of TIA were frequently observed in the 
Discussion
In our study, about half of patients with TIA had RLS, and RLS was particularly frequent in patients with TIA of undetermined cause. In addition, TIA patients with neither hypertension nor diabetes mellitus frequently had RLS.
The frequency of PFO ranged from 10% to 44% for all subtypes of ischemic stroke, 31% to 77% for cryptogenic stroke, 4% to 25% for stroke of known cause, and 3% to 22% for control subjects. 10 A retrospective Western study found that TEE could detect PFO in 12 of 59 (20%) TIA patients. 11 The frequency of RLS in our series was higher than in that study because most TIAs in the Western study has been caused by atherothrombotic carotid lesions.
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In our study, patients in the Undetermined TIA group frequently had RLS.
This finding is consistent with the reports of Yeung et al. and Cerrato et al., which noted that RLS was prevalent in all subtypes of stroke. 13, 14 Some causes of undetermined TIA may include paradoxical brain ischemia detectable on DWI.
When patients in the Undetermined TIA group were divided into two subgroups, the non-HDM subgroup with neither hypertension nor diabetes mellitus and the HDM subgroup with hypertension and/or diabetes mellitus, RLS was frequently observed in the non-HDM subgroup. We previously reported that RLS was 12 13 strongly associated with lacunar stroke in patients without hypertension and diabetes mellitus. 15 We therefore believe that RLS may be one of the causes of TIA in patients with neither hypertension nor diabetes mellitus.
There are some limitations to the present study. First, TEE was performed on selected patients. The rate of detection of RLS in TCD study might be inferior to that on TEE study, because the sensitivity of TCD study in detecting RLS is less than that of TEE study. 16 Second, we were unable to perform peripheral venous ultrasound to detect DVT in all patients.
In conclusion, the prevalence of RLS was remarkably high in patients of the Undetermined TIA group, and RLS was particularly common in patients with
Undetermined TIA with neither hypertension nor diabetes mellitus. RLS may thus be one of the mechanisms of TIA of undetermined cause. Table 2 .
